Background and Aim: Traumatic brain injury is one of the leading causes of mortality and disability in young adults. Epigallocatechin-3-gallate, the antioxidant compound of green tea, has been proposed to have antioxidant and anti-inflammatory properties. This study evaluates the potential effects of epigallocatechin-3-gallate on the early clinical outcome and serum S100B levels (biomarker for brain tissue damage severity) in patients with moderate to severe traumatic brain injury.
Introduction
Traumatic brain injury (TBI) is the leading cause of disability and death in all age groups worldwide [1] . TBI occurs as a result of direct mechanical insult to the brain followed by secondary events resulting in cell degeneration and death. Secondary insults include excitotoxic damage, blood brain barrier disruption, free radical production, calcium-mediated damage, neuro-inflammation, and hypoxia due to circulatory disturbance [2] [3] [4] . Since the primary insult is not preventable, investigations are mainly focused on reversing the secondary insults [5, 6] . Recent studies have shown that oxidative stress has a central role in the pathogenesis
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of traumatic brain damage [5, 6] . Oxidative stress enhances free radical generation that subsequently activates apoptotic pathways which results in cell death. Neurodegeneration might continue for months after TBI.
Green tea polyphenol, epigallocatechin-3-gallate (EGCG), has a variety of biological functions and health benefits including antiobesity [7] , anti-inflammatory [8] , antiatherogenic [9] and neuro-protective [10] properties.
EGCG is also known as a very potent antioxidant in biological systems. Several mechanisms have been proposed for antioxidant effects of EGCG including free radical scavenging, attenuation of lipid peroxidation by inhibiting xanthine oxidase activation and blockade of inducible nitric oxide synthase [11] [12] [13] .
Recent in vivo and in vitro studies suggest the protective role of EGCG against free radical-induced neuronal damage [14, 15] . Studies have indicated that S100B, a member of the S100 protein family, is abundant in the nervous system where it is predominantly expressed in astrocytes, oligodendrocytes, and Schwann cells. When secreted by astrocytes, S100B has neurotrophic effects during development and nerve regeneration at physiologic concentrations. However, high concentrations of S100B have shown to be neurotoxic. It seems that S100B serum levels correlates with clinical outcome after TBI [16] . Some studies suggested S100B as a biomarker for determining the severity of brain injury and also monitoring therapeutic intervention [17] . An increment in S100B level was reported immediately after TBI. The level was reported to drop after treatment. There is no evidence about the impact of administration of EGCG on the outcome of the patients with TBI in the acute phase. This study is a randomized clinical trial to evaluate the potential benefit of EGCG on the early clinical outcome and serum levels of S100B biomarker of the patients suffering from moderate to severe TBI.
Methods and Materials/Patients
Male patients (16-65 years old) admitted to a referral trauma center, intensive care unit of Sina hosipital in Tehran, Iran, with moderate to severe TBI from October 2014 to October 2015 were enrolled in this study. The inclusion criteria of this study were GCS of 4-12, enteral nutrition starting within 24 hours after admission and mechanical ventilation. The procedure and protocol of the study was approved by the Ethic Committee of Tehran University of Medical Sciences (clinical trials.gov ID: NCT02731495). Written informed consent was obtained from patients' relatives.
Data Collection and Supplementation
After recording anamnesis, the patients were examined physically. Emergency care started in the emergency room. Patients with GCS higher than 12 or lower than 4, internal organ bleeding, obvious fractures in their limbs, history of underlying neurologic, metabolic, or psychiatric disorder, alcohol or drug abuse, and vegetarian diet were excluded from the study. Basic information including age, sex, vital signs, GCS, and clinical symptoms at the time of admission were recorded.
All patients received enteral nutrition with the same formula and protocol. The patients were divided into two groups using random balanced blocks: (1) receiving EGCG supplement (n=15) and (2) receiving placebo (control group, n=15). CONSORT flow diagram of the study is shown in figure  1 . EGCG supplement was in form of 400 mg oral capsules with the purity of 80% catechin (Vitamilife, U.S.). EGCG powder of each capsule was dissolved in 10 ml deionized water and given to patients via gavage (one capsule per day) for seven days by a nurse who was blinded to the treatment. The control group received only 10 ml of deionized water via gavage for a week by the same nurse. During that week, GCS of the patients was recorded by a neurosurgery resident blinded to the intervention. Vital signs and serum level of glucose, hematocrit/hemoglobin, and platelets were recorded every day at 9:00 AM for one week. Moreover, the durations of mechanical ventilation and ICU stay were recorded.
In order to analyze S100B protein, a 5 ml peripheral venous blood sample was taken from patients on admission (T1) and 24 hours after the last gavage with EGCG (T2) and stored at -80°C. Human S100B ELISA kit (BioVendor -Laboratorni medicina a.s. Cat# RD 192090100) was used to quantify the level of S100B protein according to the manufacturer protocol. The primary outcome in this study was serum level of the S100B biomarker on admission and after one week of supplementation with either placebo or EGCG.
Statistical Analysis
The distribution of continuous variables was assessed using Kolmogorov-Smirnov test. To compare the continuous variables between the two groups, the independent -samples t-test and Mann-Whitney U-test were used for data with normal and nonnormal distributions, respectively. For a before-after comparison of the variable levels, paired sample t-test and Wilcoxon were used for the data with normal and nonnormal distribution, respectively. P-value less than 0.05 was considered as statistically significant for all tests. The data were analyzed using SPSS version 21 (SPSS Inc., Chicago, IL, USA).
Results
The baseline characteristics of the patients are presented in table 1. The two groups had no significant differences in baseline characteristics. As shown in table 2, seven days following TBI, the last GCS was significantly higher in the EGCG group. Alteration of GCS was measured as last GCS on ICU admission. The EGCG group had significantly higher GCS improvement than the control group after seven days: the mean GCS level increased by 2.93 units in the EGCG group while having an average of 0.14-unit deterioration in the control group at the same time.
Alteration of S100B level was calculated as T2-T1. The average S100 levels decreased in both groups after seven days of admission. The amount of reduction in S100B levels was greater in EGCG than that in the control group (23.96 pg/ml versus 18.6 pg/ ml) but the difference was not statistically significant (P= 0.209).
Although the overall duration of ICU stay was not significantly different among the two groups, the duration of mechanical ventilation was significantly shorter in the EGCG group (5.1 versus 9.8 days) ( Table 3) .
The patients were divided into those who did not have any clinically significant abnormality of the serum gluocose, Hb/ Hct and platelet levels (not requiring therapeutic intervention) and those who required therapeutic intervention for abnormalities of these parameters. The prevalence of these potentially confounding factors was not statistically significant between the two groups of the study (Table3).
Discussion
In this study, we evaluated the effect of EGCG of green tea on the clinical outcome (consciousness, duration of ICU stay, mechanical ventilation, and serum S100B levels) of the patients with moderate to severe TBI. Our results show a beneficial effect of EGCG supplementation on improvement of GCS and shortening of the mechanical ventilation period in these patients. These results are in consistence with the previous experimental studies: Itoh et al. reported that seven days of oral supplementation with 0.1% solution of EGCG in water for brain injury-induced rats could reduce neuronal damages [18] . Hau et al. reported that intraperitoneal injection of epigallocatechin-3-gallate solution has neuroprotective effects in brain damage-induced rats by protecting them against oxidative damages to the brain. They concluded that EGCG showed neuroprotective effects by reducing free radical damages and preventing apoptosis in damaged neurons [19, 20] .
A number of reports proposed S100B serum level as a valid biomarker for brain damage [21] . Previous studies showed that the injection of five mg S100B protein to rat cerebellar vermis had anti-apoptotic effects [22] . Some studies show that S100B probably binds to the neuronal membrane RAGE receptors in low concentrations and increases the survival of neurons by producing against reactive oxygen species (ROS) and increasing the expression of anti-apoptotic factors [22] [23] [24] [25] . The findings of current study show that EGCG supplementation results in reducing S100Β protein compared with the control group, although the difference between the two groups was not statistically significant.
Pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-α) have an important role in the pathophysiology of cerebral edema and brain damage after traumatic insult [26, 27] . Factors with anti-inflammatory properties can increase the blood flow in damaged tissues, and subsequently improve the process of wound healing and recovery [27] . Experimental evidence suggests that EGCG could inhibit TNF-alpha gene expression [28, 29] . In a study performed on an animal model of multiple sclerosis, the combination of glatiramer acetate (GA) and EGCG had favorable effects on neuronal survival and axonal growth by reduced reactive oxygen species generation and reduction in the nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB) [28] . To the best of our knowledge, until the date no human study has assessed the effect of EGCG supplementation on the secondary neural damages caused by trauma [30] .
To control the confounding effect of underlying mental illness and/or internal organ injury on the clinical outcome of TBI, we excluded these patients from our study. The other possible source of confounding was hematologic and metabolic derangements which may affect the clinical outcome in TBI patients. Statistical analysis revealed that prevalence of these parameters was not statistically different among the two groups, and thus may not serve as a source of confounding. The major limitation of this study was the small sample size of the study. Due to the overwhelming predominance of TBI among men in our country, we only included male patients in this study. Furthermore, impact of the findings of this study on the long-term clinical outcome of TBI patients is a very important issue that needs to be evaluated by larger studies with longer follow-up periods.
Conclusion
The results of this study show that acute phase supplementing with EGCG might have favorable effects on consciousness levels and duration of mechanical ventilation in early phase after moderate to severe TBI. According to the availability and low cost of this product, we recommend early treatment with EGCG as a part of the integral management of patients with TBI admitted to ICU.
